Dopamine but not l-dopa stimulates neural glutathione metabolism. Potential implications for Parkinson's and other dopamine deficiency states.
Dopamine is produced first by hydroxylalation of l-tyrosine to l-dihydroxyphenylalanine (l-dopa) and subsequently by the decarboxylation of l-dopa to dopamine catalysed by the enzymes tyrosine hydroxylase and aromatic l-amino acid decarboxylase (AADC) respectively. Reduced glutathione (GSH) acts as a major cellular antioxidant. We have investigated the role of dopamine in the control of GSH homeostasis in brain cells. The SH-SY5Y human neuroblastoma cell line was found to increase intracellular GSH levels in response to 50μM dopamine treatment. Similarly the 1321N1 human astrocytoma cell line was found to increase GSH release in response to 50μM dopamine. The same concentration of l-dopa was also found to increase intracellular GSH in SH-SY5Y cells, however when AADC was inhibited this affect was abolished. Furthermore 1321N1 cells which were found to have almost undetectable levels of AADC activity did not increase GSH release in response to 50μM l-dopa. These results suggest that at these concentrations dopamine has the potential to act as a signal for the upregulation of GSH synthesis within neuronal-like cells and for the increased trafficking of GSH from astrocytes to neurons. This effect could potentially relate to the activation of antioxidant response elements leading to the induction of phase II detoxifying enzymes including those involved in GSH synthesis and release. The inability of l-dopa to produce a similar effect when AADC was inhibited or when AADC activity was absent indicates that these effects are relatively specific to dopamine. Additionally dopamine but not l-dopa treatment led in an increase in complex I activity of the respiratory chain in SH-SY5Y cells which may be related to the effect of dopamine on GSH levels.